Introduction {#Sec1}
============

Japan's rapidly shrinking working-age population (men and women aged 15--64 years) requires a reorganization of industry and reform of the current working-style, a situation which has involved lifetime commitment to a particular job. Many Japanese, particularly males, have traditionally worked for the same company or firm once they graduated from high school or university. Owing to the unique "Confucian" welfare background and labor protection policies, Japanese society is relatively more tolerant of stricter work ethics and overtime work \[[@CR1], [@CR2]\]. When compared internationally, long working hours are still more common among Japanese workers when compared to Western countries and long working hours is suggested to be health risk via poor-health behavior \[[@CR3]\]. Given that high occupational burdens may lead to death from overwork (*karoshi*) \[[@CR4], [@CR5]\], the importance that occupational health practitioners can play in modern Japanese society cannot be underestimated \[[@CR6]\].

Although in Western countries mortality inequality according to occupational class is usually observed as a clear social gradient \[[@CR7]--[@CR9]\], trends are remarkably different in Japan. When compared with European countries, for example, non-manual workers with higher socioeconomic status (e.g., managers and professionals) have higher mortality than non-manual (e.g., clerical, service, sales workers) and manual workers (e.g., craft and related trade workers, semi-skilled and unskilled manual workers), which is defined as lower socioeconomic status \[[@CR10]\]. Inequality trends in occupational mortality have changed dramatically during recent decades, with some studies finding that mortality among managers and professionals increased rapidly after the year 2000, in tandem with a restructuring of the Japanese economy during that time \[[@CR11], [@CR12]\]. Mortality among clerical and manufacturing process workers decreased steadily during this period, however, ensuring that it is important to monitor differences in mortality by occupation and industry in Japan.

Some previous studies have examined occupational mortality inequality in Japan prior to 2010, finding that male all-cause mortality rate ratios were higher among managers (3.08) and professionals (1.70) compared with manufacturing workers aged 30 to 59 years in 2010 \[[@CR13]\]. Regarding mortality owing to lung cancer, service workers (3.28) and managers (3.18) had higher mortality rate than that of male manufacturing workers aged 25 to 64 years \[[@CR14]\]. These workers may not have sufficient time to rest and receive health checkups owing to heavy work demands and long working hours. Suicide prevention currently represents a serious health topic in Japan, especially among men of working age. There are also clear differences in suicide rates by occupation and industry. In 2010, for example, Japanese managers, service workers, and farmers had a higher relative risk of suicide (3.91, 3.63, and 3.53, respectively) than sales workers \[[@CR15]\]. These trend studies underscore the unique mortality inequalities that existed in Japan prior to 2010. Within this context, the aim of the present study was to reveal whether mortality inequalities among men, according to occupation and industry, persisted through the mid-2010s.

Methods {#Sec2}
=======

Data sources {#Sec3}
------------

National Vital Statistics and occupational and industrial data were analyzed in this study, information that is officially reported every 5 years in the "Report of Vital Statistics: Occupational and Industrial Aspects." The Ministry of Health, Labour and Welfare (MHLW) of Japan has conducted this survey every 5 years since 1970, coinciding with years of the Population Census \[[@CR16]\]. We obtained government records from the National Vital Statistics (death records) of Japan in fiscal year 2015 (from 1 April 2015 to 31 March 2016). We also obtained age- and sex-aggregated population census data for occupation-specific populations (denominator; mid-year population estimates) from the Japanese Population Census, conducted on 1 October 2015 \[[@CR17]\]. Our study group has previously reported all-cause and cause-specific mortality according to occupation and industry with regard to trends prior to 2010 \[[@CR11]--[@CR15]\]. Therefore, in this study, we focused on the most recent year with available data.

Occupations and industries {#Sec4}
--------------------------

Occupational categories were defined using the Japan Standard Occupational Classification (11 categories: administrative and managerial; professional; clerical; sales; services; security; agriculture, forestry, and fishing; manufacturing; transport; construction and mining; and carrying, cleaning, and packaging). Industry categories were defined using the 19 categories of the Japan Standard Industrial Classification (agriculture, fishing, mining, construction, manufacturing, electricity and gas, information, transport, wholesale and retail, finance, real estate and rental, research and professional services, accommodation and dining services, entertainment services, education, medical and welfare, combined services, other service industries, and government). These categories roughly correspond to the International Standard Classification of Occupations and International Standard Industrial Classification \[[@CR18]--[@CR21]\].

Analysis {#Sec5}
--------

We calculated age-standardized, all-cause and broad cause-specific mortality for all Japanese men aged 25--64 years according to occupation and industry. Underlying causes of death were classified according to the International Statistical Classification of Diseases 10th Revision (ICD-10) and grouped into four broad groups (cancers \[C00-D48\], cardiovascular diseases \[I00-I99\], external causes (including injuries and suicide) \[V01-Y98\], and all other diseases). Age-standardized mortality rates were directly computed using 1985 standard Japanese population data in 5-year age intervals, which is generally used for standardization for official Japanese statistics. To assess relative measures of mortality inequality, mortality rate ratios adjusted for age and 95% confidence intervals (CIs) were estimated with Poisson regression. We used sales workers (occupation) and wholesale and retail (industry) as reference, respectively. We restricted the analysis to men because previous studies have suggested that differences in mortality are more remarkable among men than women \[[@CR13]\]. Stata version 15/SE (StataCorp, College Station, TX, USA) was used for the analyses, and *p* values less than 0.05 were considered statistically significant.

Results {#Sec6}
=======

Mortality according to occupation {#Sec7}
---------------------------------

Table [1](#Tab1){ref-type="table"} displays all-cause and broad cause-specific age-standardized mortality rates by occupation, in addition to the number of workers and deaths among Japanese men of working age, with occupations sorted by ascending order of mortality. A total of 28,695 deaths occurred among male workers during the Japanese fiscal year of 2015. The age-standardized all-cause mortality rate among male workers aged 25 to 64 years was 101.0 per 100,000 population. Broad cause-specific age-standardized mortality rates were as follows: 36.1 (all cancer), 26.8 (cardiovascular disease), 25.2 (external causes), and 12.9 (other causes) per 100,000 population. All-cause mortality among Japanese men was about 7.6 times higher among those who were unemployed when compared to their employed counterparts. Table 1Age-standardized mortality rates by occupation in Japan during the 2015 fiscal year (per 100,000 population, males aged 25--64 years (among workers aged 25--64 years in the National Census))WorkersDeathsAll-causeBroad, cause-specific death***n***%***n***All cancer (C00-D48)Cardiovascular disease (I00-I99)External causes (V01-Y98)Other causes**Workers (total)**24,863,42228,695101.036.126.825.212.9**Occupation (JSOC)Clerical workers**4,003,81616.1249553.721.112.813.85.9**Carrying, cleaning, packaging, and related workers**1,491,3046.0106462.118.521.414.18.1**Manufacturing process workers**4,528,22018.2342473.826.220.518.78.4**Sales workers**3,377,01313.6289082.132.021.917.210.9**Security official**791,4843.279490.127.225.326.910.6**Transport and machine operating workers**1,568,6896.32015100.333.527.827.411.6**Professional workers**4,173,46816.84840110.343.428.625.512.7**Construction and mining workers**2,024,4208.13546146.947.737.540.621.1**Administrative and managerial workers**794,1433.22031193.064.642.562.823.1**Agriculture forestry and fishery workers**642,9832.62017211.453.851.372.134.1**Service workers**1,467,8825.93579240.380.266.757.935.5**Unemployment**^□^6,199,34458,569765.8240.0175.1137.7213.0*JSOC* Japan Standard Occupational Classification^□^Unemployment includes "Unemployed" and "Population not in the labor force," as indicated in the Population Census

Manufacturing process workers (18.2%), professional workers (16.8%), clerical workers (16.1%), and sales workers (13.6%) comprised the majority of male Japanese workers. All-cause mortality ranged from 53.7 per 100,000 population (clerical workers) to 240.3 per 100,000 population (service workers). The two groups of "administrative and managerial workers" and "agriculture, forestry, and fishing workers" displayed high mortality rates from external causes (including suicide), with their mortality rates being 62.8 and 72.1 per 100,000 population, respectively. However, we found relatively low mortality rates among clerical workers (53.7 per 100,000 population); carrying, cleaning, packaging, and related workers (62.1 per 100,000 population); manufacturing process workers (73.8 per 100,000 population); and sales workers (82.1 per 100,000 population).

All cancer mortality ranged from 18.5 per 100,000 population (carrying, cleaning, packaging, and related workers) to 80.2 per 100,000 population (service workers), whereas cardiovascular disease mortality ranged from 12.8 per 100,000 population (carrying, cleaning, packaging, and related workers) to 66.7 per 100,000 population (service workers). Agriculture, forestry, and fishing workers had the highest mortality from external causes (72.1 per 100,000 population). We observed similar patterns of broad, cause-specific mortality inequality among workers in these groups.

In relative terms, service workers and agriculture, forestry, and fishing workers had 2.89 (95% CI 2.75--3.03) and 2.50 (95% CI 2.36--2.65) times higher all-cause mortality when compared with sales workers (Table [2](#Tab2){ref-type="table"}). Administrative and managerial workers had higher mortality risk (1.86; 95% CI 1.76--1.97) when compared with sales workers. We also observed similar patterns of broad cause-specific mortality inequality in terms of relative measures among workers in these groups. We observed similar patterns of broad, cause-specific mortality inequality among workers in these groups. Table 2Mortality rate ratios by occupation in Japan during the 2015 fiscal year, males aged 25--64 yearsAll-causeBroad, cause-specific deathAll cancer (C00-D48)Cardiovascular disease (I00-I99)External causes (V01-Y98)Other causesRR95% CIRR95% CIRR95% CIRR95% CIRR95% CI**Occupation (JSOC)Clerical workers**0.640.61--0.680.660.60--0.710.580.52--0.650.770.69--0.870.540.47--0.63**Carrying, cleaning, packaging, and related workers**0.730.68--0.780.550.49--0.620.900.79--1.020.840.72--0.980.700.58--0.85**Manufacturing process workers**0.900.85--0.940.810.75--0.880.920.84--1.011.090.98--1.210.770.67--0.89**Sales workers**ReferenceReferenceReferenceReferenceReference**Security official**1.101.02--1.190.830.73--0.951.171.02--1.361.571.34--1.830.980.78--1.23**Transport and machine operating workers**1.181.12--1.251.020.93--1.121.241.11--1.381.511.33--1.711.060.91--1.25**Professional workers**1.351.29--1.421.371.27--1.471.311.19--1.431.511.36--1.671.171.03--1.34**Construction and mining workers**1.791.70--1.881.511.39--1.631.681.53--1.852.362.12--2.631.901.66--2.17**Administrative and managerial workers**1.861.76--1.971.891.73--2.051.671.50--1.872.071.80--2.381.581.34--1.86**Agriculture forestry and fishery workers**2.502.36--2.651.791.62--1.962.181.95--2.444.323.83--4.872.972.56--3.44**Service workers**2.892.75--3.032.432.24--2.642.922.66--3.203.333.00--3.703.162.77--3.61*JSOC* Japan Standard Occupational Classification, *RR* rate ratio, *95% CI* 95% confidence interval

Mortality according to industry {#Sec8}
-------------------------------

Table [3](#Tab3){ref-type="table"} shows all-cause and broad cause-specific age-standardized mortality rates, by occupation. Manufacturing (22.4%), wholesale and retail (13.4%), construction (11.8%), and transport (8.3%) comprised the largest share of industry sectors. There were very few workers in fishing and mining. Male Japanese workers in the education sector had the lowest mortality (54.3 per 100,000 population) whereas those in the mining sector had the highest mortality (1169.4 per 100,000 population). We found a clear difference in all-cause and broad cause-specific mortality for education and accommodation and dining services; however, the difference was steep for agriculture and forestry (222.2 per 100,000 population) and mining (1169.4 per 100,000 population). We observed similar patterns of broad, cause-specific mortality inequality among workers in these groups. Table 3Age-standardized mortality rates by industry in Japan during the 2015 fiscal year (per 100,000 population, males aged 25--64 years (among workers aged 25--64 years in the National Census))WorkersDeathsAll-causeBroad, cause-specific death***n***%***n***All cancer (C00-D48)Cardiovascular disease (I00-I99)External causes (V01-Y98)Other causes**Industry (JSIC)Education**931,8963.862154.320.414.513.65.7**Wholesale and retail**3,324,48713.4247967.426.418.213.98.9**Combined services**268,1981.120569.030.618.314.45.7**Research and professional services**1,023,1164.190375.030.017.417.99.6**Real estate and rental**486,7772.047777.829.818.118.111.7**Manufacturing**5,566,86622.4468879.630.220.719.39.4**Medical and welfare**1,378,1675.6120185.029.922.021.911.1**Government**1,308,7675.3123086.633.519.825.18.2**Finance**576,3602.364193.639.622.020.811.3**Other services**1,587,6566.4190296.929.131.825.310.7**Information**1,124,2174.51024103.939.327.822.714.0**Transport**2,058,5298.32635104.836.229.527.211.8**Entertainment services**577,5752.3739121.340.635.428.716.6**Construction**2,922,16911.84438123.342.131.333.616.3**Accommodations and dining services**787,4403.21296151.244.441.837.927.1**Agriculture and forestry**576,0792.31905222.257.955.075.933.5**Electricity and gas**220,0950.9727297.6106.073.585.932.1**Fisheries**73,2800.3388417.4127.397.7121.471.0**Mining**15,4740.12321169.4460.0269.3316.8123.4*JSIC* Japan Standard Industrial Classification

Table [4](#Tab4){ref-type="table"} indicates mortality rate ratios according to industry among working-age Japanese males. We found a relatively moderate mortality difference for entertainment services (1.77; 95% CI 1.63--1.92) and the construction sector (1.81; 95% CI 1.73--1.90), as compared with wholesale and retail workers. However, mining (16.6; 95% CI 14.5--19.0) and fishing (5.52; 95% CI 4.96--6.14) had quite high mortality rate ratios, in comparison with wholesale and retail workers. Table 4Mortality rate ratios by industry in Japan during the 2015 fiscal year, males aged 25--64 yearsAll-causeBroad, cause-specific deathAll cancer (C00-D48)Cardiovascular disease (I00-I99)External causes (V01-Y98)Other causesRR95% CIRR95% CIRR95% CIRR95% CIRR95% CI**Industry (JSIC)Education**0.790.72--0.860.750.66--0.860.790.67--0.940.970.80--1.180.640.49--0.83**Wholesale and retail**ReferenceReferenceReferenceReferenceReference**Combined services**1.020.88--1.171.140.93--1.421.030.78--1.351.020.74--1.420.650.40--1.05**Real estate and rental**1.101.00--1.221.040.90--1.210.940.77--1.151.250.99--1.571.301.01--1.67**Research and professional services**1.101.02--1.181.120.99--1.250.960.83--1.121.261.06--1.491.060.85--1.31**Manufacturing**1.161.11--1.221.141.05--1.231.141.04--1.251.371.23--1.521.050.92--1.21**Medical and welfare**1.251.16--1.331.100.99--1.241.191.04--1.361.561.35--1.801.251.03--1.51**Government**1.311.22--1.401.331.19--1.481.130.99--1.301.811.58--2.090.970.78--1.19**Other services**1.371.29--1.461.030.93--1.131.691.52--1.881.771.55--2.021.201.01--1.43**Finance**1.381.27--1.511.521.34--1.731.211.01--1.441.451.19--1.771.270.99--1.63**Information**1.451.35--1.561.421.26--1.601.511.31--1.731.541.32--1.801.501.23--1.84**Transport**1.541.45--1.621.361.25--1.491.631.47--1.811.941.71--2.191.351.16--1.58**Entertainment services**1.771.63--1.921.491.30--1.711.891.63--2.212.021.69--2.411.881.51--2.35**Construction**1.811.73--1.901.611.49--1.741.721.57--1.902.392.14--2.671.801.57--2.06**Accommodations and dining services**2.202.05--2.351.671.49--1.882.241.97--2.552.622.27--3.033.022.55--3.57**Agriculture and forestry**3.132.95--3.322.272.06--2.512.732.42--3.075.484.82--6.233.693.15--4.32**Electricity and gas**4.263.92--4.633.963.46--4.534.153.54--4.885.874.96--6.963.542.77--4.53**Fisheries**5.524.96--6.144.253.56--5.084.903.95--6.088.666.93--10.826.655.07--8.73**Mining**16.614.5--19.017.013.9--20.713.39.99--17.721.716.2--29.214.69.86--21.6*JSIC* Japan Standard Industrial Classification, *RR* rate ratio, *95% CI* 95% confidence interval

Discussion {#Sec9}
==========

Overall, this study revealed that clear differences in mortality rates by occupation persisted during 2015 in Japan. Mortality rates among administrative and managerial workers and professional workers (commonly described as high-grade occupational classes) remained relatively high in 2015, a finding which is consistent with previous research. Japanese managers and professionals have experienced relatively high mortality risk since the late 1990s \[[@CR10]--[@CR13]\]. In addition, our study also elucidated a surprisingly high mortality rate among workers employed in primary industries (agriculture, forestry, and fishing) and mining, especially mortality from external causes including accidents. This remarkable finding highlights the need for health professionals and policymakers to devote increase attention and resources to help reduce these mortality inequalities. To achieve a decline in mortality rates among service workers; agriculture, forestry, and fishing workers; and administrative and managerial workers will depend on eliminating these mortality inequalities in Japan.

Service workers in the current study continued to have relatively high mortality rates (by both occupation and industry), a trend which has also been reported in previous Japanese studies \[[@CR11]--[@CR13]\]. Service workers are generally classified as lower non-manual workers, as defined by the Erikson-Goldthorpe-Portocarero scheme \[[@CR22]\]. Lower non-manual workers are defined as those with mid-level socioeconomic status, and mortality rates within this group have been reported to lie somewhere between that of upper non-manual and manual workers in European countries \[[@CR8], [@CR10]\]. The high mortality rate among service workers in Japan deviates from this pattern, however, a trend that has been observed since the 1980s \[[@CR13]\]. One possible explanation relates to the irregular work shifts among service workers \[[@CR23]\]. In Japan, the opening hours of service industries such as restaurants, bars, supermarkets, and convenience stores are generally long, and stores that remain open 24 h are fairly common. This custom results in service workers having long shifts and night-shift working schedules, which increases their health risks. One restaurant company in Japan recently announced a change in their current 24-h opening times \[[@CR24]\]. They cited insufficient staff as the reason for this change; however, such changes would ease the heavy physical and mental occupational burden among service workers in Japan.

Managers had the third highest mortality rate among the 11 occupations examined in this study, which is similar to previous research where a rapidly increasing mortality among managers and professional workers was observed between 1995 and 2000 \[[@CR11], [@CR12]\]. This trend was unique to Japan, somewhat dissimilar to trends observed in European countries \[[@CR10]\]. The higher mortality among high-grade managers and professionals than that among workers in other occupations is currently under deliberation in Japan. One possible explanation is that Japanese managers have a heavy job burden owing to the need to engage in both managerial work and field work. Indeed, the percentage of Japanese managers decreased after 2000 \[[@CR13]\]. We need to follow the trend carefully in the near future.

Our analysis revealed that male Japanese workers in primary industries (agriculture, forestry, and fishing) and workers in mining (defined as secondary industry according to the Japan Standard Industrial Classification) generally have a relatively high mortality rate, a trend that has actually been observed for decades among Japanese national data \[[@CR13]\]. In particular, high mortality from external causes was observed among workers in mining and in agriculture, forestry, and fishing. Although work environments have improved and the physical burden placed on workers has been greatly reduced due to automation in primary industries and mining, our findings nonetheless suggest that health risks from occupational accidents are still relatively high in Japan. Regarding international comparisons, farmers in European countries have been shown to have slightly higher mortality than non-manual workers with higher socioeconomic status, whereas Japanese farmers have clearly higher mortality rates \[[@CR8], [@CR10]\]. The socioeconomic status of Japanese farmers may differ from that of European farmers, however, where income is generally guaranteed by the European Union's Common Agricultural Policy. Workers in primary industries must face periods of unstable income, labor shortages, and a lack of replacement workers because young people perceive these as high-risk and burdensome occupations. Therefore, special attention should be paid for workers in primary industries and mining at the site of occupational health. Further study is needed to disclose why mortality among workers in primary industries remains high in Japan.

It is worth noting that certain limitations may have influenced the generalizability of our current results, particularly that for some occupations and industries; mortality should be interpreted carefully owing to potential selection and/or misclassification biases. First, we analyzed data from the National Vital Statistics using a cross-sectional study design. Population estimates by occupation and industry (denominator) were obtained using National Census data, whereas the number of deaths (numerator) was reported by the family of workers who died, a situation in which family members are asked to provide the worker's occupation and industry at the time of death. This approach may result in misclassification of occupation and industry, a situation which might then result in both overestimation and underestimation of mortality. In Japan, when an individual loses their job after a serious illness, for example, they are reported as being "unemployed" if they later die. Although such a system follows the rules of vital statistics, some occupation-specific and industry-specific mortality may end up being underestimated.

On the other hand, however, workers whose employment status is described as "self-employed" may be overestimated because they are not "laid off" due to illness. For example, mortality rates among agriculture, forestry, and fishing workers may be overestimated because of their employment status, given that approximately 80% of Japanese farmers were categorized as being self-employed in 2015 \[[@CR17]\]. The numerator/denominator bias described above has been discussed in the analysis of vital statistics in Japan and South Korea because both countries have not applied linkage methods (e.g., using social security numbers) between the national census and vital statistics \[[@CR10], [@CR25]\]. The implementation of individual linkage between Population Census data and social surveys is clearly required, in order to help avoid this limitation in the future.

Second, the definition of various occupations has naturally changed over time, and some occupations are difficult to categorize using the Japan Standard Occupational Classification (e.g., a person who earns advertising revenue using social networking services, such as "YouTubers"). This situation implies that these occupations are reported as "unclassifiable occupation," "not stated," or "unemployment." Indeed, an increase in missing data regarding statistics for these occupations has been reported \[[@CR10], [@CR13]\]. In our data set for 2015, 14.1% and 3.2% of men aged 25 to 64 years were recorded as having either an "unclassifiable occupation" or "not stated" occupation, respectively. Therefore, occupation-specific mortality may be underestimated about 15--20% owing to missing data. To our best knowledge, no studies have provided evidence of a numerator/denominator bias in Japan. Further study is necessary, in addition to discussion of way to improve the survey.

Conclusion {#Sec10}
==========

Overall, this study revealed that many preexisting differences in mortality rates among Japanese male workers, according to occupation and industry, have persisted in 2015. Reducing mortality among service workers; agriculture, forestry, and fishing workers; and administrative and managerial workers requires elimination of these mortality inequalities. This study emphasizes that occupational health plays an important role in reform of the working style in Japan.
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